INTRODUCTION
M edicine is evolving rapidly into a genomic medicine discipline after successful sequencing of human and non-human genomes. As a result, traditional diagnostics, therapeutics and prognostics in patients will soon become outdated. In short, recent advances in genomics have led to identification of new genes and variants responsible for a host of inherited and inflammatory diseases in ophthalmology specialty. In a true sense, developments have made a huge impact in our understanding of genetic basis of structural and functional defects and disease mechanisms underlying eye diseases. For example, in past genetic causes of Leber congenital amaurosis (LCA); an inherited retinal dystrophy which leads to severe vision loss, and age-related macular degeneration (AMD); one of the most common causes of blindness were unknown. Today, more than 20 LCA genes have been identified, and now genetic testing can be performed in majority of cases. More importantly, gene-specific treatments have also been tested clinically. As far as AMD is concerned, it is a complex disease caused by a combination of genetics and environment [1] . Despite its complexity more than 40 loci have been accounted for 15% to 65% of AMD pathology. Thus, it appears that genetic underpinnings do play role in the causation and progression of eye ailments; a few of them are listed in Table 1 and briefly covered in this review. Hereditary and inflammatory diseases affect eyes in millions of people worldwide. Vision impairment is expected to rise as diseases that have measurable genetic components continue to grow [2] . There are about 4000 diseases/syndromes that affect humans and surprisingly one third involves eyes. Hence, it is important that improvement in knowledge of diseases will be useful to ophthalmologists and researchers equally to enrich abilities in providing accurate diagnosis, counselling, and treatments. It should be mentioned that ocular disorders with complex inheritance are responsible for most blindness. Therefore, developments in molecular genetics can change face of medicine in future. This has clear implications for physicians and their patients because these advancements will bring benefit to public. Within next few years, geneticists shall be able to complete a catalog of genes associated with eye diseases. Such progress will create possibilities, if not a mandate, for translational research in how best to apply discoveries for improving health. Driving these changes are advances in infrastructure, analytical methods, and training of workforce. This expansion will take us from a simple genetics paradigm wherein influence of individual genes on health will be paramount, to a real genomic medicine paradigm where effect of individual gene or variant will be considered together and in concert with environmental influence on one's health outcome. As of today, genetic testing is still not performed for many conditions. This will change as we move forward to options that shall depend upon one's own genotype. Similarly, identification of biomarkers in blood using 'omics' such as transcriptomics, epigenomics, proteomics, etc. will improve value of predictive tests aimed at understanding mechanism(s) of diseases. It is possible that such tests might also help stratify patients for suitable therapies thus enabling development of precision medicines (medicines that can enable disease prevention by delivering superior therapeutics by integrating clinical, multi-omics including epigenetics, environmental and behavioral information to understand biological basis of disease). It will lead to better selection of targets and identification of populations that will demonstrate improved outcomes to novel preventive and therapeutic approaches appropriately tailored to patients' health outcomes [3] . Recently, gene therapy has advanced further leading to improvement in vision impairment thus giving hope because inherited diseases such as congenital cataracts, glaucoma, retinal degeneration, and optic atrophy affect quite many infants worldwide [4] .
Other pathologies that also exhibit genetic manifestations include AMD, Marfan syndrome (MFS), myopia, polypoidal choroidal vasculopathies (PCV), retinitis pigmentosa (RP), Stargardt's disease (SD), and uveal melanoma (UM). Table 1 mentions a brief account of genes/variants that are involved in eye diseases. In adults, diseases such as glaucoma and AMD are leading causes of blindness across geographies and both show a strong genetic susceptibility. It is our belief that as breakthroughs continues to unfold in the form of innovative instrumentations along with novel bioinformatics pipelines, genomics of eye will also continue to advance. Approaches such as next-generation sequencing (NGS) are paving way for identification of newer mutations implicated in pathologies. These and other technologies such as genome-wise association studies (GWAS) or whole-exon sequencing (WES) have started helping us in using information in clinics for precise diagnosis, treatment response predications and related intervention(s). Our manuscript attempts to highlight 'ongoing' progress and future challenges encompassing field of investigative genomics as applied to the following diseases. Age-related Macular Degeneration A leading cause of blindness AMD affects elderly people with an overall prevalence of about 8%. Since risk for AMD increases with age, its prevalence will continue to rise as population of older people increases. Globally, projected number of individuals with AMD in 2020 is 196 million and is expected to be 288 million by 2040 [5] . It is characterized by degeneration of macula (which harbors fovea) resulting in loss of central vision [6] . Person with a normal vision sees grid lines without waves (not blurry) ( Figure 1A ), but someone with AMD sees grid lines as wavy or distorted ( Figure 1B ). While AMD etiology remains unclear, past advances have generated attractive patho-mechanistic hypotheses over the years including homocysteine (Hcy) mediated inflammation [7] .
Evidence suggests that age, smoking, and genetics are factors for susceptibility [8] . Many single nucleotide polymorphisms (SNPs) have been discovered in genes such as NOS2A which was found to increase risk especially SNP rs8072199 and with significant interaction along with smoking at SNP rs2248814. Stratification by genotypes demonstrated AMD and smoking in carriers of AA genotypes than AG or GG suggesting an interaction of AA with smoking [9] . Projects encompassing GWAS have revolutionized investigations with findings wherein variants were shown to confer increased likelihood of AMD. Results from eight variants in five genes showed a strong association to AMD for CFH rs1061170 CC, rs2274700 CC; for C2 rs9332739 CC/CG; for CFB rs641153 TT/CT; for HTRA1/LOC387715 rs10490924 TT; and for complement factor 3 (C3) rs2230199 GG. CFH confers increased risk to bilateral geographic atrophy whereas HTRA1/LOC387715 contributes more to bilaterality of choroidal neovascularization. Interestingly, C3 confers enhanced risk for geographic atrophy than choroidal neovascularization [10] [11] [12] [13] [14] [15] . Advanced AMD has limited therapeutic options although both wet and dry AMD subtypes exhibit shared genetics. Recently a first genetic association specific to wet AMD near MMP-9 was discovered. Rare coding variants in CFH, CFI and TIMP3 suggested causal roles as did a splice variant in SLC16A8 supporting notion that rare coding variants can pinpoint genes within known genetic loci [16] . It is worth mentioning that AMD is different from other retinal conditions because risk for AMD involves a complex mix of genetics and lifestyles ( Figure 2 ). However, genomics turned out to be useful in differencing and finding disease genes specific for AMD such as identification of CFH and its Y402H variant [17] [18] [19] . HTRA1 was also mapped by GWAS in etiology of AMD [20] . Therefore, it does bring home a point that genetic testing could help early detection, risk prediction and prognosis. Further, targeting high-risk individuals to reduce blindness through a robust surveillance and clinical interventions may help lessen overall AMD burden. Again, with the heritability of AMD estimated between 45% and 70%, it is important to rely upon genetic testing. [21] . Presenile cataract happens before 45 years of age while senile/ age-related cataract happens thereafter. Congenital form is inherited in Mendelian fashion; however, age-related cataract tends to be multifactorial. DNA repair enzymes' polymorphisms can influence repair efficiency and may lead to cataract. Polymorphisms in AP endonuclease-1 (APE1) with APE1-141 T/T genotype and T allele frequencies were higher in cataract patients, while G/G genotype and G allele frequencies were lower in controls. APE1-141 G/G genotype has a protective role, and T allele has a deleterious role [22] .
About 1/3 of non-syndromic congenital cataracts are inherited.
With an estimated prevalence of 1-6 cases per 10 000 live . Similarly, mutations like p.H277Y in connexin 50; Cx50 (GJA8) and p.P59L in gap junction protein alpha 3 genes (GJA3) were associated with congenital cataracts causing pulverulent nuclear cataracts in Chinese [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . An oligomerization disrupting mutation, c.62G>A (p.R21Q), in crystallin alpha A (CRYAA) segregating in three generations of Australians (Caucasian) was detected. Haplotype analysis indicated a common ancestry between two South Australian families with this mutation thereby strengthening genotype-phenotype correlations between this functional mutation in CRYAA and pediatric cataract [38] . An insertion variant of CRYGD with nuclear cataract has also been identified (c.451_452insGACT) causing an autosomal dominant congenital cataract. Mutant protein is said to be cause of cataract with loss of solubility and localization to nucleus inside cells. Likewise, a heterozygous variant, c.3673G > A (p.V1225M) in periaxin (PRX) was identified in patients and two asymptomatic individuals of family in BGIShenzhen study [39] [40] . Mutations in CRYAB gene (p.R11C and p.R12C) responsible for cataracts in consanguineous families have also been described. A perfect co-segregation of a mutation c.475C>T (p.Q155*) in exon 6 of CRYBB2 has been reported in Mexicans. Mutation in CRYBB2 seemed to be associated with pulverulent cataract with some variability [41] [42] . Sometime, genetic confirmation becomes necessary to establish cause and effect relationship despite results from other tests such as diagnosing patients with hypomyelination with 4H leukodystrophy with polymicrogyria and cataracts because of mutations in POLR3B encoding RNA polymerase III subunit [43] . A dominant D109A mutation in CRYAB was associated with myofibrillar myopathy, cardiomyopathy and cataract in a polish family. Change in CRYAB influenced both structural and functional aspects due to decreased stability of oligomers leading to aggregate formation and it appears that mutated RQDE sequence of CRYAB could impair CRYAB chaperone-like activity and promote aggregation of lens crystallins [44] . When analyzed for presence of SNP rs25487 from XRCC1 and relationship between risk factors such as smoking, alcohol intake, hypertension, and diabetes, comparison of genotype distribution in XRCC1 between presenile cataract group and group without cataract, then an increased risk of developing pre-senile cataract for genotype Gln/Gln in recessive inheritance models was observed after adjusting for above mentioned factors [45] . A miRNA-binding SNP rs2278414: G>A in DNA of 3'-terminal untranslated regions of ZNF350 was found associated with cataract through an altered miRNA regulation of ZNF350 in Chinese suggested age related susceptibility [46] . A splice donor site mutation c.2825+1G>A in EPHA2 co-segregated in a family resulting into a truncated product responsible for congenital cataract suggesting that WES can serve as an efficient strategy to scan variants in causative genes for heterogeneous diseases [47] . Glaucoma Glaucoma causes optic nerve damage and is referred as 'sneak thief of sight' because it can lead to permanent vision loss. Risk factors include family history, high blood pressure, eye injury and steroid abuse. It is common in African Americans and people over 60y. If left undetected, it can lead to blindness. So, experts recommend regular eye examinations. Being largest cause of irreversible blindness it affects more than 65 million people globally. It comprises of a heterogeneous group of conditions that damage retinal ganglion cells (RGC) and optic nerve. It can occur at any age but is common in older people. Susceptibility factors contribute to glaucoma and these factors belong to two groups: 1) those affecting intraocular pressure and 2) those modulating RGC activity and viability. Glaucoma can also be inherited as a Mendelian autosomal dominant/recessive trait, or as a complex trait. Different genes have been discovered with multiple interacting loci. Thus, genomic approaches are essential to study biology as they can provide clues about pathogenesis. Being heterogeneous primary open angle glaucoma (POAG), angle closure glaucoma and exfoliation syndrome (XFS) glaucoma as well as a few others associated with developmental abnormalities. POAG remains leading cause of blindness and to understand POAG, it is necessary to identify genes and their variants. CALM2 may be involved in the RGC death and oxidative damage to cell communication system and it may be responsible for pathogenesis of POAG [48] . Researchers identified MPP7 as a novel gene for POAG with its dysregulation under mechanical stress conditions [49] . Genomic regions known for glaucoma include defective genes such as myocilin, optineurin and CYP1B1 responsible for Mendelian transmission. SNPs in other genes are also associated with glaucoma. POAG ensues without any symptoms other than appearance of slow vision loss. Angle-closure glaucoma, although rare, is considered an emergency and symptoms include pain, nausea and visual disturbances. LOX1 linked with exfoliation type of glaucoma is caused by abnormal accumulation of protein in drainage system and other structures of eye were recently identified that was subsequently followed by CAV1/2 for POAG [50] [51] .
Mutations in MYOC, PITX2, FOXC1, PAX6, CYP1B1, and LTBP2 can cause early onset (either congenital or juvenile) glaucoma. While these genes account for about 20% of cases with onset before age 40 years, for those individuals known to have a mutation, impact on clinical care and genetic counseling can be significant. Thus, appropriate screening via genetic testing and timely treatment of mutation carriers can prevent, or limit loss of eye sight. Detecting mutations in these genes can also identify mode of inheritance. Mutations in CYP1B1 and LTBP2 cause recessive disease, while glaucoma caused by all other known genes is inherited as a dominant trait [52] . Because variable expressivity and age are features of early onset, pattern of disease inheritance may not be clear in many cases. Defining disease causing mutation(s) also defines disease inheritance pattern and facilitates mutation carrier detection, making timely treatment strategies possible. Studies suggest that some individuals with early onset caused by mutations in MYOC could be treated in future with agents that limit effects of endoplasmic reticulum stress [53] . Gene testing for MYOC mutations could help identify individuals who might be eligible for clinical trials to test novel therapies for myocilin related glaucoma. Since there is no permanent cure, once someone develops this condition, he/she generally will need treatment for rest of life. If diagnosed early, vision loss due to glaucoma can be slowed or even prevented. Inherited Optic Neuropathies Hereditary optic neuropathies comprise a group of disorders and may be caused by mitochondrial defects. It could be inherited as an autosomal recessive/dominant, X-linked, or in a maternal familial pattern. They often present as a painless feature with bilateral decreased vision that proceed slowly. Like Leber's hereditary optic neuropathy (LHON) hereditary optic neuropathy may have an acute presentation characterized by bilateral decreased acuity, central scotomas, decreased color vision, and optic atrophy. Combination of family's history, clinical presentation, and age of onset may distinguish disorders, but accurate diagnosis may be facilitated by genetic testing. Pathology is limited to RGC of optic nerve and is mediated by reduced oxidative phosphorylation, fragmentation of mitochondrial network, and increased sensitivity to apoptosis [54] [55] . Two most common conditions seen are LHON and dominant optic neuropathy (DOA). LHON is common disorder characterized by a rapid, painless loss of vision in one eye which is subsequently followed by contra lateral eye in young males. Majority of cases are due to one of 3-point mutations of mtDNA affecting complex I or ND genes (G11778A, G3460A and T14484C). Since it is maternally inherited thus all offspring are bound to inherit mutations. DOA is an autosomal hereditary optic neuropathy and is commonest of inherited neuropathies. Unlike LHON, it shows no gender preference and develops as a slow, progressive, painless, and bilateral symmetric visual loss, beginning insidiously in first two decades of life. Although heterogeneous, a major locus has been mapped to chromosome 3q28 with a mutation in optic atrophy type 1 (OPA1) [56] [57] . OPA1 is a dominantly inherited neuropathy and mutations in this gene encoding a dynamin related mitochondrial protein underlie optic atrophy because of truncations in exons 8 to 28 along with amino acid changes found in GTPase domain (exons 8 to 15) [58] . Mutation spectrum in the OPA1 gene can lead to marked heterogeneity resulting into lower mitochondrial DNA content and thus providing a direct evidence for its pathogenetic role [59] . Current knowledge of genetics of optic neuropathy makes it possible to test for mutations allowing pre-symptomatic testing and risk assessment. Ongoing advances have revealed important mechanisms that may also suggest potential therapeutic targets. Despite this, clinical manifestation from a broad range of optic nerve pathologies is difficult to differentiate from other diseases and for this reason genetic testing becomes important to determine basis of disease causation. Inherited retinal degeneration (IRD) is a group of heterogeneous diseases of which retinitis pigmentosa (RP) and LCA are most common and severe type. A group of 18 genes are known to cause LCA but it is not generally possible to identify causative genes through clinical examination [60] . Yet, patients with LCA and mutations in RPE65 could potentially benefit from current RPE65 gene based approaches. To ensure selection of therapy, testing for IRD genes will be necessary as more gene therapies are developed. Currently, most cases of inherited neuropathies are due to mutations in mitochondrial DNA causing LHON or mutations in nuclear gene OPA1 causing autosomal dominant optic atrophy, also known as Kjer optic neuropathy. Disease transmission is very different for these 2 conditions: mitochondrial DNA mutations causing LHON are inherited maternally, while OPA1 mutations are inherited as a dominant trait from either mother or father. In addition, both autosomal dominant optic atrophy and LHON exhibit variable expressivity within and among families, thus making it difficult to identify carriers. In such scenario, genetic testing is advised as it can confirm diagnosis and help define inheritance pattern. Additionally, patients with LHON may benefit from avoidance of certain environmental exposures that may contribute to overall disease risk [61] . Marfan Syndrome MFS is characterized by musculoskeletal abnormalities, cardiovascular diseases and ocular abnormalities. There is no cure for MFS. Patients with MFS are myopic, astigmatic and have ectopia lentis (EL) [62] . [63] [64] [65] [66] . Increased TGF-β1 is a risk factor and is caused by FBN1 mutations which lead to defects in signaling. FBN1 SNPs rs2118181 and rs1059177 do not cause MFS but are linked with dilatative pathology of aortic aneurysms (DPAA). Thus, TGF-β1 and FBN1 SNPs rs2118181 and rs1059177 could serve as biomarkers for diagnosis of DPAA. Presence of a single rs2118181 minor allele (G) increased amount of TGF-β1 by roughly one ng/mL. Two copies of FBN1 rs1059177 minor allele (G) were required to have an additive effect on TGF-β1. Men have higher TGF-β1 than women. Strong correlation between TGF-β1 and FBN1 SNPs suggests that a single nucleotide substitution in FBN1 might reduce bioavailability or binding properties of FBN1 and influence TGF-β1 activation and concentration. By establishing relationship between TGF-β1 and FBN1 SNPs rs2118181 and rs1059177 researchers provided evidence that their combinations might be used as biomarkers to identify patients at risk for aortic aneurysm and dissection [67] . Recently two mutations in MFS were identified including a frameshift insertion, p.G2120fsX2160 and a nonsense mutation, p.Arg529X (rs137854476) in FBN1 which may predispose for thoracic aneurysms/dissections, together with defects in ocular and skeletal systems [68] . Mutation p.C499S in calcium-binding epidermal growth factor (cbEGF)-like domain 3 of FBN1 and mutation p.C908Y were identified in an inter-domain region of hybrid motif 2 linked to cbEGF-like domain 10 that helped conclude that FBN1 mutations involving cysteine substitutions are associated with MFS and EL with MFS features. Also, pathology seemed serious when mutations disrupted three disulfide bridges in cbEGF-like domains which likely cause typical MFS than if mutations occurred in hybrid motifs [69] .
To rule out MFS physicians should include a positive history and manifestations such as body habitus, sub-luxated lenses or cardiac abnormalities. Diagnosis of bilateral lens luxation must be followed by complete examination and analysis of FBN1 to discard MFS due to severe systemic complications. Often, condition causes an aggressive secondary glaucoma that may require surgery with lensectomy, vitrectomy and drainage device implantation to avoid optic atrophy [70] . NGS is quite efficient in identifying lesions at exomic level which can be validated via Sanger. New variants, including a nonsense SNP in FBN1 and one missense mutation in exon 15 of LRP1 may be related to phenotype [71] . SNPs in transforming growth factor beta receptor 2 (TGFBR2) are associated with MFS and sudden death with coronary disease. Cardiovascular remodeling and T cell activation of TGFBR2 suggest that TGFBR2 SNP(s) is also related to coronary lesion [72] . Marfan-associated disorders are associated in TGFBR2 with mutation (K291K) caused by 873 C>T substitution suggesting spectrum of Marfanrelated disorders world-wide [73] . SNPs in folic acid metabolism enzyme are responsible for elevation of Hcy, correlating with pathogenesis of aneurysms and dissection. Increased level of Hcy was recently correlated with retinal layer thinning leading to retinopathy [74] . When Marfan patients were studied for SNPs of methylenetetrahydrofolate reductase (MTHFR; c.665C>T and c.1286A>C), methionine synthase (MTR; c.2756A>G) and methionine synthase reductase (MTRR; c.66A>G) it was noticed that severe cardiovascular involvement in Marfan patients, and especially aortic dissection was associated with higher Hcy and prevalence of homozygous genotypes of folic acid metabolism enzymes than mild or no cardiovascular involvement. Results suggested that impaired folic acid metabolism has an important role in development and aorta remodeling [75] . In a study it was reported that members in a family had EL, myopia and glaucoma but did not exhibit typical cardiovascular features of MFS but did have heterozygous missense mutation c.2368T>A; p.Cys790Ser in exon 19 in FBN1 further confirming worldwide FBN1 mutations [76] . Myopia Here image of an object is focused in front of retina. This is also associated with sight complications. Unfortunately, mechanism underlying pathogenesis is poorly understood. It is a complex disorder that can lead to blindness due to increased risk of premature cataracts, retinal detachment, glaucoma and macular degeneration. Genetics has been implicated in pathogenesis and it can affect up to 60% of some population and its development is influenced by genes and environment [77] . Severe or high grade myopia is associated with ocular morbidities in form of retinal detachment, macular/choroidal degeneration, premature cataract, and glaucoma. Evidence documents heritability of non-syndromic forms especially for high grade myopia which is referred as myopic spherical refractive power of 5 to 6 diopters or higher. Studies could identify high grade and moderate myopia loci successfully [78] . Past observations were derived from linkage studies but results from GWAS and sequencing identified additional loci/variants spanning all chromosomes. Some were linked with etiology itself such as locus on chromosome 8p23. Hepatocyte growth factor (HGF) and its receptor (C-MET) were previously reported with myopia in Asians. Caucasian dataset supported an association between mild to moderate myopia, HGF SNP rs3735520 and HGF haplotypes rs2286194, rs3735520, rs17501108 and rs12536657, rs2286194, and moderate association of extreme high myopia with rs2286194. However, C-MET SNPs with myopia in an Asian study were not replicated in Caucasians [79] . To ascertain position of a disease susceptibility gene around D21S0083i with whole genome
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case control analysis with 27 158 microsatellite markers in high myopia Japanese, SNP (rs2839471) was suggested to be in frequent recombinant region within UMODL1. This region might play role for susceptibility in myopia and warrants studies to know mechanism(s) by which UMODL1 contributes to myopia [80] . Matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) play important roles in scleral remodeling and are differentially expressed in myopia. Association of refractive error and SNPs in MMPs and TIMPs in old order Amish (AMISH) and Ashkenazi Jewish (ASHK) families revealed connections of ocular refraction to polymorphisms near MMP-1 and in MMP-2 in AMISH but not among ASHK families. Results suggested that MMP-1 and MMP-2 are involved in refractive variation in AMISH. Based on findings it can be assumed that genetic/environmental heterogeneity can contribute to differences between ethnic groups [81] . A functional SNP at 3'UTR of PAX6 can influence risk for myopia since allele SNP rs662702 demonstrated that C allele had significantly lower expression than did T allele. SNP rs662702 affects microRNA-328 binding site explaining differential effect through reduction in PAX6 protein which increases risk for myopia [82] . Interestingly, a progressive increase of myopia in a person affected with classical familial homocystinuria was diagnosed based on ophthalmological examination showing bilateral subluxation of lens with inferior and nasal displacement. Biochemistry detected increased amino acid (homocysteinemia) consistent with homocystinuria. Study showed compound heterozygous T353N and D444N mutations of cystathionine beta-synthase (CBS), and a C667T homozygous mutation of methylenetetrahydrofolate reductase (MTHFR). This study showed classical homocystinuria in patient's father and sister, although they did not present systemic/ocular features. Therefore, it is necessary to rule out homocystinuria in EL patients, even in absence of systemic symptoms [83] . Evidence from myopia mapping (MYP3 locus), animal models and observations of glycemic control in humans suggests that insulin-like growth factor (IGF)-1 plays role in eye growth. This study was conducted to determine whether IGF-1 SNPs are associated with myopia in Caucasian high-grade myopia pedigrees. In all, three SNPs rs10860860, rs2946834, and rs6214 were studied and rs6214 showed association with high grade and any myopia after correction for multiple testing. Study supported a genetic association between IGF-1 and high-grade myopia. Findings were in line with evidence in a model showing that IGF-1 promotes ocular growth and axial myopia. Thus, IGF-1 may be a myopia gene and demands investigation [84] . In another study, variants showed positive association with extreme myopia with polymorphism of rs1242379 in IGF-1 to be associated with high myopia in Chinese [85] . So far more than 20 loci have been identified. High grade myopia locus MYP3 was reported on chromosome 12q21-23 by linkage having three genes: UHRF1BP1L, PTPRR, and PPFIA2 which were supported by ocular expression. They were found to be novel candidates for myopic development within MYP3 locus [86] . Interestingly, some associations have been validated and replicated in populations from different geographies and ethnicities [87] .
Mutations in P4HA2 encoding prolyl 4-hydroxylase 2 were also identified that were associated with non-syndromic high myopic condition [88] . Polypoidal Choroidal Vasculopathies PCV is characterized by branching of vascular network in choroid that terminates in polypoidal dilations. It can lead to serosanguinous detachments of retinal pigment epithelium (RPE) and subretinal hemorrhagic disorders that follow sub-retinal fibrosis. It may manifest earlier than other forms of disorders such as AMD. In principle, PCV is phenotypically like AMD and thus has been suggested to be a variant of AMD however PCV has a different history and response to treatments [89] . There are ethnic differences in disease prevalence as it is prevalent in African Americans and Asians [90] [91] . Neovascular AMD (nAMD) and PCV; also refereed as a subtype of 'wet' AMD constitutes 55% of wet AMD in Asians where risk factors for PCV are unknown. Exudative AMD and PCV share similar choroidal vasculature, but responses to treatments are different. During investigation for haplotype associations tagging SNPs in C3 with both nAMD and PCV, and for potential epistatic effects on C3 SNP, rs17030 was associated with PCV. Further, interaction between rs17030 and gender was identified in PCV cases. After stratification by gender, rs17030 G allele was found to confer an increased risk in males but not in females. Haplotype AG defined by major alleles of rs17030 and rs344555 was associated with PCV in males. In contrast to PCV, none of eight other SNPs were associated with nAMD indicating that an association of C3 rs17030 with PCV in males and that C3 may have an epistatic effect with gender in pathogenesis of PCV [92] . Likewise, association of SNPs in serpin peptidase inhibitor clade G member 1 (SERPING1) with neovascular AMD and PCV demonstrated association with AMD in Caucasians but not in Asians providing an evidence for an ethnic diversity in etiology of AMD [93] .
One study assessed association of pigment epitheliumderived factor (PEDF) gene with AMD and PCV. However, polymorphisms showed no direct association indicating need for PEDF genotyping [94] . Meta-analysis of association with PCV and difference between PCV and nAMD revealed 31 SNPs in 10 loci that contributed to PCV. Among them, ARMS2-HTRA1 showed allelic diversity between PCV and nAMD confirming variants can affect phenotypic expressions of PCV and nAMD [95] . Exome sequencing of Han Chinese cohort followed by replication in four independent cohorts identified a rare c.986A>G (p.Lys329Arg) variant in FGD6 as significantly associated with PCV. Intracellular localization of FGD6-Arg329 is distinct from that of FGD6-Lys329. In vitro, FGD6 could regulate proangiogenic activity, and oxidized phospholipids increased expression of FGD6. FGD6-Arg329 promoted abnormal vessels in retina than FGD6-Lys329. Collectively, data suggested that oxidized phospholipids and FGD6-Arg329 act synergistically to increase susceptibility to PCV [96] . When complete HTRA1 and its promoter were sequenced in a Hong Kong Chinese cohort, it was revealed that rs11200638, c.34delCinsTCCT, c.59C>T, rs1049331 and rs2293870 were significantly associated. Notably, rs2672598 was significantly associated with exudative AMD. Logistic regression indicated that rs2672598 remained significant after adjusting for rs11200638 in exudative AMD. Moreover, rs11200638-rs2672598 joint genotype AA-CC conferred higher risk to exudative AMD. Promoter with rs2672598 C-allele showed higher luciferase than wild type T-allele, independent of rs11200638 genotype. Coherently, vitreous humor HTRA1 with rs2672598 CC genotype was significantly higher than that with TT genotype. Furthermore, rs2672598 C-allele was predicted to alter transcription factor binding sites, but not rs11200638 A-allele. Results revealed that HTRA1 rs2672598 is significantly associated with exudative AMD than PCV in ARMS2/HTRA1 region, and were responsible for elevated HTRA1 transcriptional activity and HTRA1 protein [97] .
Similarly, researchers investigated association of ATP-binding cassette, subfamily G, member 1 (ABCG1) with PCV and nAMD in independent Chinese and Japanese studies and have identified a new haplotype-tagging SNP, rs225396, in ABCG1 to be associated with PCV and nAMD in Chinese and Japanese providing a new evidence to support ABCG1 as susceptibility gene for PCV and nAMD [98] . When Meta-analysis was performed to examine effects of rs10490924 and rs11200638 at ARMS2/HTRA1 locus in PCV then it was observed that there was a strong association of ARMS2/HTRA1 locus with exudative AMD and PCV, suggesting two disorders shared similar mechanisms. Effect sizes indicate existence of additional genetic and environmental factors affecting them to different degrees [99] . In another study association of PCV, difference between PCV and AMD, and genotype-phenotype correlation of PCV was undertaken. LOC387715 rs10490924 was associated with PCV and its clinical manifestations, and showed a discrepant distribution between PCV and AMD. Variants in HTRA1, CFH, and C2 were also associated with PCV [100] . To investigate associations of C2-CFB-RDBP-SKIV2L region with nAMD and PCV allele and haplotype frequencies of SNPs in the C2-CFB-RDBP-SKIV2L region were probed and results suggested that SKIV2L is likely a causal gene for nAMD, conferring a significant protection independent of CFH and HTRA1. These data do not support a role of this region in PCV, suggesting different mechanisms might be operating between nAMD and PCV [101] . Associations of variants in high density lipoprotein (HDL) metabolism with nAMD and PCV showed that CETP is a susceptibility gene for nAMD and PCV and that ABCG1 is putative gene for PCV. CETP exerts a modifying effect on CFH in genetic risk suggesting a link of HDL metabolism with neovascular AMD and PCV [102] . Interestingly, five SNPs on chromosomes 5, 8, 9, 12 and 22 showed associations for disease manifestations. A known AMD associated SNP, CFH rs1329428, was among these top SNPs, while remainders have not been implicated. Evidence supports that symptomatic patients with PCV can have complete regression without vision loss with treatments as per recent mapping of PCV loci [95] [96] 103] . Like AMD, causes of PCV remain unknown [89] . Retinitis Pigmentosa People with retinitis pigmentosa (RP) experience gradual decline in vision because rods and cones start dying. RP is characterized by night blindness, narrowing of visual field, pigmentary changes or even alterations of retina, eventually leading to vision loss [104] [105] [106] . Retinal dystrophies including RP make a group of heterogeneous diseases caused by mutations in genes coding for proteins of cones and rods. RP consist of neurodegenerative disorders which are related to limitations of visual performances. During RP dystrophy, patients first experience night blindness and/or visual field constriction (secondary to rod dysfunctions), followed by alterations of central vision due to cone damage. During atypical form of RP (rod-cone dystrophy), cone's functionalities are disrupted in comparison with rod's ones. Diagnosis relies on documentation of loss in photoreceptor activity by electroretinogram and/or visual field testing. Prevalence of RP is variably reported in one case per 4000 individuals. Inherited dystrophies are epiphenomenon of a complex framework (syndromic RP), but often represent isolated disorder in 85%-90% of cases. Although more than 250 mutations have been detected in 100 of genes, defect is identifiable in 50% of cases only. Genotypes in RP are heterogeneous since a patient with same mutation may be affected by different phenotypes. RP can be inherited as autosomal dominant/recessive or as X-linked. Many forms are diagnosed in patients with no affected relatives. Dissecting clinico-genetic complexity has become an important objective of large scale projects [107] .
One approach is 'deep sequencing'. It has identified several genes but a substantial unsolved case may have mutations that are known causes of retinal disease but not necessarily RP. Apparent discrepancy between defect and clinical findings warrants further evaluation [108] . In case of X-linked RP (XLRP), high mutation detection rate can make evaluation a valuable tool not only for counseling but also for prenatal testing. For example, it was discovered that proportion of RP2-mediated XLRP in Danish population is higher and proportion of RPGR-ORF15 is lower than reported thus strategies for diagnostics should consider population specific mutations. A phenotypic progression was reported for novel mutation in RPGR causing XLRP in people. Novel mutation in RPGR caused XLRP with complete penetrance. Affected females were highly myopic but retained better in visual functions than males. DNA analysis could identify a novel c.350G>A sequence in exon 5 of RPGR and it segregated with disease in families. Thus, data can be used to provide a mutation specific prognosis, and may also help recognize genotype [109] . Clinically, RP1 gene mutations seem to be cause of autosomal dominant RP and mutations in RPGR remain frequent cause of XLRP. A five generation Swiss family with dominantly inherited RP caused by T494M mutation in precursor mRNA processing factor 3 (PRPF3) was characterized to relate phenotype to underlying mutation. A mutation in PRPF3 is a rare one compared to genes causing autosomal dominant RP but mutations in PRPF3 can cause a variable phenotype, unlike in previously described Danish, English, and Japanese families. This report was based on largest pedigree and provided a better understanding of phenotype-genotype description as caused by PRPF3 mutation [110] . More frequently involved gene in autosomal recessive RP code for subunits α and β of cGMP phosphodiesterase, RHO and cGMP gated ion channel CNGC. Similarly, mutations in other genes have been observed to cause RP and other retinal dystrophies [111] .
Whole exome NGS revealed missense mutation in hexokinase 1, HK1 c.2539G>A, p.Glu847Lys, tracking disease in all family members. One severely affected male was homozygous for this by linkage and had two copies of mutation. No other mutations were detected in linkage region nor were identified elsewhere in genome. Subsequent testing detected same mutation in four additional, unrelated families, for a total of five mutations in 404 probands. Out of 5 families, 3 were Acadian from Louisiana, 1 was French Canadian, and last one was Sicilian. Haplotype analysis chromosome in each family and homozygous individual revealed a rare, shared haplotype of 450 kb, suggesting an ancient founder mutation. HK1 is widely expressed, with multiple, abundant retinal transcripts, coding for H1K. The Glu847Lys mutation lies in a highly conserved site, outside of functional sites [112] . This study epitomized genetic complexity of ABCA4 associated diseases as it contained variants from all classes of mutations in coding region, deep intronic, both single nucleotide and copy number variants accounting for phenotypes that tend to segregate in dominant fashion [114] .
Autosomal recessive macular dystrophy of childhood is caused by mutation(s) in retina specific ATP binding transporter gene (ABCR). Previously, ABCR cDNA and part of exonintron structure was described and discovery of a splicing mutation (571:2A>G) and missense mutation(s) in newly identified exons (R18W, R212C) provided additional support to broad heterogeneity. Genes involved in dominant form were mapped to chromosomes 13q (SD2) and 6q (SD3).
One new kindred with dominant SD was identified in genetic linkage to SD3 locus. Because of a more severe macular phenotype in one patient in that family, gene responsible for recessive STGD1, ABCR was analyzed for variants in all family members. One allele of ABCR gene was shown to carry a stop codon generating mutation (R152X) in 3 members, including patient who had inherited dominant gene. A grandparent of that patient with same mutation developed AMD, consistent with observation that some variants in ABCR might increase susceptibility to AMD in heterozygous state. Based on this, it was proposed that there is a common pathway in macular degeneration that includes genes for both recessive and dominant form of SD. While describing genotype-phenotype correlation in one study with late onset, analysis of ABCA4 gene was performed using microarray analysis, sequencing, and multiplex ligation dependent probe amplification (MLPA). In addition, PRPH2 and CFH genes were also sequenced. As we know that late onset SD1 is at mild end of spectrum of retinal dystrophies caused by ABCA4 mutations because visual acuity is frequently preserved in late onset owing to foveal sparing. This phenotype may be caused by just 1 or 2 ABCA4 variants. One study aimed to identify genetics underlying severe retinal degeneration in one large family. Members were presented with early onset autosomal recessive RP and juvenile macular dystrophy. Records of family members were analyzed retrospectively, and ophthalmological and electrophysiological examinations were performed. Screening was done with microarrays followed by high density SNP genotyping, and segregation analysis. Two distinct phenotypes of dystrophy, LCA and SD were present in family; four patients with LCA were homozygous for a novel c.2557C>T (p.Q853X) mutation in CRB1, while two cases with SD, one was homozygous for c.5461-10T>C in ABCA4 and another was carrier of same mutation along with a novel ABCA4 mutation c.4773+3A>G. In a similar investigation when analysis of entire ABCA4 with SD was done, it revealed complex alleles with additional variants. Findings revealed that different mechanism(s) can lead to variable phenotypes within same family [115] . Yet, in another study a total of 36 alleles were identified. Two alleles were present in twelve out of 21 SD families, whereas in 4 out of 21 families only one allele was found. This work reported presence of 22 alterations, including two changes not found in other populations, c.2T>C (p.Met1Thr) and c.4036_4037delAC (p.Thr1346fs), and two novel disease associated variants, c.400C>T (p.Gln134X) and c.4720G>T (p.Glu1574X). Most of mutation(s) were missense. Seven frameshift variants, three nonsense mutations, and one splicing sequence changes were also found in SD chromosomes. However, most prevalent pathologic variant was missense mutation p.Leu11Pro representing high prevalence in comparison to other populations. Additionally, 23 SNPs were also identified including 4 intronic variants [116] . Differential diagnosis between late onset SD1 and AMD is challenging, therefore, a thorough clinical coupled with genetic analyses can make a distinction, which is important for counseling [117] . When patients in family of Chinese descent were analyzed for exome of two patients, a total of 50 709 variations shared by patients were subjected to several filtering steps against existing databases. Identified variations were further verified in family by PCR and Sanger. Compound heterozygous variants p.Y808X and p.G607R of ATP binding cassette, sub-family A (ABC1), member 4 (ABCA4) gene, which encodes ABCA4 protein, a member of ATP-binding cassette (ABC) transport superfamily were successfully identified as causative mutations for SD. Findings helped provide one more novel ABCA4 mutation in Chinese with SD [118] . Uveal Melanoma Uveal melanoma (UM) is characterized by an uncontrolled proliferation in a clonal fashion because of genetic and epigenetic alterations. Signaling is dysregulated in UM in following way: 1) retinoblastoma pathway, because of cyclin D1 overexpression; 2) p53 signaling, because of MDM2 over-expression; 3) P13K/AKT pathway and 4) mitogen activated protein kinase/ERK pathway that are disturbed because of PTEN and GNAQ/11 mutations. Further, chromosomal abnormalities are common and include 6p gain, associated with a good prognosis, as well as 1p loss, loss of 3, and 8q gain, which correlate with high mortality. Abnormalities are identified by fluorescence in situ hybridization (FISH), CGH, microsatellite analyses, MLPA, and SNPs. UM can be categorized by expression profiling such as class 1 or class 2, latter correlating with poor survival, as do BRCA1 associated protein-1 (BAP1) inactivating mutations. Testing of UM has enhanced prognostication, especially when results are interpreted with patient's history, histological findings and clinical data. Identification of abnormal pathways, genes and proteins in UM opens way for target based therapeutics, improving prospects for conserving vision and prolonging life [119] . Association between UM and cutaneous melanoma (CM) has been suggested, therefore individuals with a personal/family history should be screened. UM patients die of metastasis interventions. It arises from melanocytes in uveal tract. It is a primary malignant tumor in adults and remains common intraocular tumor in Caucasians [120] . Unfortunately, half UM patients develop metastasis which can be observed many years after treatment of primary tumor. In majority cases liver remains location of first manifestation. Based on chromosome 3 status UM can be divided into major classes that differ in metastatic potential: 1) tumors with a high risk to metastasis usually show monosomy 3, whereas 2) tumors showing disomy 3 rarely metastasize. If patients wish to know risk, prognostic testing of primary tumor can be done using biopsy. Genes involved in development such as SF3B1, BAP1, GNAQ, GNA11 and EIF1AX have been identified. Profiling in addition to chromosomal 3 analyses will refine classification/ sub-classification and will influence diagnostics/therapeutics. Mutations in suppressor BAP1 are associated with increased risk for different tumors. Close family members of patients may be offered testing for BAP1 [121] . In rare situations (young Among the newest, genetic testing has received attention as a powerful prognostic tool [122] . Thus, role of CDKN2A/ P16INK4A, P14ARF and CDK4 germline mutations for predisposition was successfully carried out. Also, contribution of BRCA1/2 germline mutation(s) and a personal/family history of breast and ovarian cancers were evaluated. Results indicated that P14ARF, CDKN2A/P16INK4A, and CDK4 are not responsible for majority of cases. They also suggested that one case in a family with history of breast cancer was not sufficient to justify BRCA1/2 testing when classical criteria for testing were not present [123] . It is true that reported frequencies of mutations in melanoma are low in UM condition. However, number of families studied was limited and most studies used low sensitivity techniques for screening. Identifying frequency of alterations in melanoma with UM having increased risk is important for counseling. When screening for CDKN2A, p14ARF, and exon 2 of CDK4 was carried out it was revealed that variant (IVS1-69 C>T) in exon 1b of p14ARF in a patient and his mother also had UM. This study supported low frequency of germline mutation of CM in patients with UM with histories suggestive of a high risk for hereditary cancer. Therefore, testing for CDKN2A might be reserved for patients with family history of two or more CM cases [124] . MLPA using P027 assay was performed to determine whether extraocular extension of UM is representative of intraocular tumor growth with respect to copy number of chromosomes 1p, 3, 6, and 8. Tumors were micro-dissected and analyzed separately. Findings from this study suggested that biopsy may not be representative of underlying UM with respect to chromosome 1p, 3, 6, and 8q abnormalities. This indicated that both intraocular and extraocular parts of tumor should be sampled for accurate prognostic testing [125] . Germline sequence alterations in BAP1 gene with possible predisposition to hereditary cancer can predispose to UM, meningioma, lung carcinoma and possibly other cancers [126] . Monosomy 3 is linked with an aggressive, rapidly progressive disease while disomy or partial change of 3 and prominent mononuclear inflammatory infiltrate is associated with better prognosis [127] . Loss of chromosome 3 is strongly associated with metastasis and has been proposed as basis for prognostic testing. However, it is not yet known whether techniques that identify loss of heterozygosity for chromosome 3 can also predict metastasis more accurately than those that detect only monosomy 3. To understand better, 53 UMs were analyzed by 28 SNPs across chromosome 3. SNPs were compared with FISH and CGH for metastasis. Prognostic tests based on SNPs, which detect chromosomal homologues and their sub-regions appears to be superior to methods that only detect changes in number of chromosomes. These observations could have implications to detect alterations in cancers with CGH based tools. Heterogeneity of chromosomal abnormalities of chromosomes 1, 3, 6, and 8 is present in almost UMs presentations. It was agreed that single random tumor biopsy/ sample may not be true representative of whole tumor and, therefore, may be insufficient for prognoses [128] . A few candidates such as GNA11, GNAQ and DDEF1 have been proposed but in practice little is known about genetics of this disease [129] . To determine relationship between monosomy 3
and incidence of metastasis after testing UM using fine needle aspiration biopsy (FNAB). FNAB can be performed intraoperatively immediately before plaque radiotherapy and specimen can be used for testing using DNA amplification and microsatellite assay. According to FNAB results, patients having a complete monosomy 3 usually have poor prognosis than those with partial monosomy 3 or disomy 3. Also, patients with partial monosomy 3 do not differ in prognosis than those with disomy 3 [130] . In following study researchers investigated utility of testing DNA from routinely stained and processed smears. Genotyping was carried out using 14 microsatellite markers on chromosomes 3, 6 and 8. Mutational screening in GNA11 and GNAQ was carried out by RFLP and results were compared with direct sequencing of frozen samples. DNAs extracted from 200 tumors were sufficient for reproducible testing of allelic imbalances and for studying somatic mutations in GNA11 and GNAQ. In conclusions, feasibility of utilizing stained smears from UM for testing using DNA is of sufficient quality to carry out genotyping for markers on chromosome 3, 6 and 8, as well as screening for somatic mutations in GNA11 and GNAQ [131] . Monosomy 3, 1p loss, 6q loss, and 8q and those classified under Class II by expression analysis are predictive of poor prognosis [132] . Due to shared epidemiological risk factors between CM and UM, researchers selected 28 SNPs identified as risk variants in previous GWAS on CM or CM related host phenotypes such as pigmentation and eye color and tested them for association with UM risk profile. By logistic regression analysis of 272 UM cases along with controls using an additive model, they identified 5 variants associated with UM risk. Three significantly associated variants rs12913832; rs1129038 and rs916977 were correlated and mapped at 15q12 in region of HERC2/OCA2, region responsible for eye color in humans. Data provided first evidence that genetic factors associated with pigmentation are risk loci for UM susceptibility [133] . Traditionally, clinicopathological features of these tumors were used to provide a limited prediction of metastatic risk. However, early studies using karyotype analysis, FISH and comparative hybridization identified multiple chromosomal abnormalities associated with higher risk of fatal metastasis. This correlation between specific abnormalities and a patient's risk for development of metastasis has recently been studied, and development of new prognostic tests has allowed clinicians to predict metastatic risk with increased accuracy. Such novel tests include expression profiling, and MLPA, which detect deletions and amplifications of DNA in tumors [134] . Absence of BAP1 expression is associated with metastatic progression and reduced survival. In this study, investigators examined nuclear BAP1 (nBAP1) protein expression in primary UMs (PUMs) that show both typical and atypical clinical courses according to their chromosome 3 status, and secondary hepatic metastatic UM (MUM), correlating results with histological, clinical and survival data. Nuclear BAP1 expression was absent in 51% PUM patients, correlating strongly with poor prognostic clinico-pathological and genetic parameters and reduced survival. Lack of nBAP1 expression importantly identified a subset of 'atypical' PUM patients with disomy of chromosome 3 but with unexpected metastatic relapse. nBAP1 expression was absent in 77% MUM and expression was concordant in all paired PUM and MUM patients [135] . [136] . Patients with disease without mutation in a known gene are likely to have mutation(s) in a novel gene(s) not yet discovered. Other techniques will be needed to detect abnormalities including karyotyping and MLPA. In real life situation role of genetics in clinical practice is not preferred domain as ophthalmologists tend to focus because school curriculum and ophthalmology residency place emphasis on routine diagnostics and surgical skills than on genetics. It should be mentioned that ophthalmology has played important roles in advancing impact of genomic medicine. It was retinoblastoma; first human gene to be cloned for its etiology. Leber hereditary optic neuropathy was first mitochondrial disorder to be studied in detail, and finally it was X-linked redgreen color deficiency which was again first X-linked disorder to be investigated [137] . Recently genetics has made resounding impact and as a result today's ophthalmologists have working knowledge of genetic basis of diseases, and their clinical manifestations. Science has also evolved rapidly to ensure that genetic analysis is more accessible than it was in past. We hope genetic testing can improve accuracy of diagnoses and prognoses, can reduce risk of disease occurrences/ recurrences, and facilitate development and delivery of disease mechanism specific care to patients. In US millions over 40 years of age are visually impaired and number is expected to triple by 2020 [138] . Thus, effective surveillance, diagnosis and treatment will become increasingly important as population ages. Identification of risk factor(s) which contributes to diseases is first step towards development of screening tests and therapies. NGS, WGS, WES, and GWAS have identified elements/alleles for many disorders affecting vision and thus paved way for understanding genotypic-phenotypic correlations. Many conditions have ophthalmic manifestations and at same time also have genetic etiology. As elaborated in Figure 3 , patients with eye diseases should be encouraged by ophthalmologists to undertake genetic testing. This would help promote ophthalmic genetics as an independent specialty. New developments have ushered interests in gene therapy and stem cells because of gratifying initial results. Despite these, there is paucity of animal models for complex diseases, including AMD and DR; because these diseases are not caused by single gene but involve complex interactions between genetics and environment, epigenetics, or other modes of influence. As we make further inroads in patient centric fashion wherein repertoire of genes shall be discovered mainly through patient's samples, followed by selection of genes for detailed investigation for functions and pathways to reveal disease mechanism(s) to develop newer diagnostics and therapeutics. Despite progress that has been made so far, genetic testing is not yet recommended for many ocular disorders, but this will change if we move to clinical trials or treatments that are dependent on patients' genotype. Interestingly, future application of genomic advances such as Clustered, Regularly Interspaced, Short Palindromic Repeats-associated Endonuclease 9 (CRISPR/Cas9) system sounds encouraging for ophthalmology. Progress in this could result in imminent applications since eye promises a favorable anatomical and immunological profile for genomic interventions and CRISPR/ Cas9 can be integrated easily into ophthalmic care. CRISPR/ Cas9 can precisely make editing in genome of cells including human embryos [139] . Other genome modification tools that were developed in past include Zinc-Finger Nucleases (ZFNs) [140] and transcription activator like effector nucleases (TALENs) [141] that can also enable permanent mutations by introducing double stranded breaks to activate repair pathways, but these are costly, time-consuming, and limit their widespread use. Thus, CRISPR/Cas9 appears simple for manipulating genomes. For example, Bassuk and colleagues tested whether CRISPR/ Cas9 could be used in patient specific induced pluripotent stem cells (iPSCs) to precisely repair RPGR point mutation responsible for XLRP. Fibroblasts cultured from skin biopsy of XLRP patient were transduced to produce iPSCs carrying patient's c.3070G > T mutation. iPSCs were then transduced with CRISPR guide RNAs, Cas9 endonuclease, and a donor homology template. Despite gene's repetitive and GC-rich sequences, RPGR gene copies showed mutation correction and conversion to wild type allele. This was first successful report using CRISPR/Cas9 system to correct a pathogenic mutation in iPSCs from a patient with photoreceptor degeneration which clearly implied that cells can be successfully transformed into healthy retinal cells and then transplanted back into the same patient to treat vision loss [142] . This initial success with RP is an excellent example of how a new genome engineering technology could be applied for treating other forms of eye diseases that are caused by specific mutations that are directly responsible for vision loss. Despite these developments there remains an understandable concern too such as off-target mutagenesis/off-site genomic lesioning and perhaps mounting of an immune response against prolonged expression of Cas9 endonuclease in treated cells/organs of a patient. Thus, further improvements and careful screening for undesired mutations and development of a self-limiting CRISPR/Cas9 system could minimize duration of Cas9 expression. Such improvements will likely lead to clinical eye therapeutics of CRISPR/Cas9 system in future [143] [144] . Interestingly, good thing about eye is that in comparison to other organs it is easy to monitor noninvasively, amenable for surgery and can accept modified cells as eyes are somewhat immune privileged. Nonetheless, there is still a long way to go but it is possible that one of first therapeutic uses of CRISPR/Cas9 system might be to develop it as a highly personalized approach for treating eye diseases both in humans and animals as demonstrated recently [145] [146] . CONCLUSION Per American academy of ophthalmology task force recommendations genetic testing can truly make a positive mark on patients and their families. With so much happening and much more that is about to unfold, future does hold exciting possibilities. Driving these discoveries are rapid advances in infrastructure as well (e.g. the International HapMap Project for cataloging human genetic variations; http://www.hapmap.org), analytical methods, and medical biotechnology. This expansion in capabilities quickly has taken us from a genetics paradigm (where the influence of individual genes on health outcomes is paramount) to a genomics paradigm (where the complex influence of individual genes is considered, in concert, with each other and with the environmental exposures) on overall health outcomes. Here, we attempted to provide a concise but critical account of the ongoing genomic medicine studies exploring hereditary and inflammatory eye diseases linking risk variants/alleles that might offer avenues for developing suitable diagnostic modalities to test disease risk and therapeutic options. Identification of these and others to be discovered susceptibility loci can untangle the complex biological pathways underlying ocular pathophysiology pointing to new testable paradigms for treating and curing our patients. It is earnestly hoped that by utilizing these advanced investigative genomic approaches we may be able to provide affordable future clinical care for critical eye diseases.
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